We present a study of the Mg K-edge on sepiolite and palygorskite performed at the INFM BEAR beamline at Elettra Synchrotron Light Source (Trieste). These two clays, although having very similar structures, show some different features in their near-edge. Mg is in octahedral coordination with oxygens, hydroxyl groups or water, for both palygorskite and sepiolite. The differences found in the near-edge seem to reflect the fact that, on average, an Mg atom in palygorskite "sees" less Mg in higher coordination shells than sepiolite.
Introduction
Sepiolite and palygorskite are fibrous clay minerals which differ from laminar clays by having channels in their structure. This is the result of the inversion of the tetrahedra layers every 8 octahedral positions in sepiolite (giving channels of 5.7 × 11 Å) or 5 positions in palygorskite (channel dimension 3.7 × 6 Å). These channels can hold zeolitic water and other molecules. Sepiolite is a trioctahedral phyllosilicate (all octahedral positions are occupied, in this case by Mg in the "ideal" sepiolite) and palygorskite is more dioctahedra than sepiolite ( These clays have been known and exploited since ancient times. Sepiolite has been used for making pipes. Ancient Maya created the "Maya blue" pigment, by combining natural indigo with palygorskite. In Spain it was used between 1735 and 1808 for making the paste used in the Spanish "Buen Retiro" porcelain. The characteristic fibrous structure of these clays control their physico-chemical properties that make these materials very suitable for a large number of applications. In particular, they present a great specific surface area. Their great absorptive power and the good rheologic properties make them ideal for industrial applications, like litter and bedding for poultry and pets, for refining oil, and for soil conditioners for greenhouses and golf courses. They can also be used as a carrier for organic molecules (insecticides, fungicides, etc.) and as a catalyst support. The world production is estimated to be 0. 4 10 6 tons/year for sepiolite (95% produced by Spain) and 10 6 tons/year for palygorskite (75% of the production comes from USA). [4] .
In this paper we report for the first time the Mg K-edge XANES of the fibrous clays sepiolite and palygorskite.
Experimental
Mg K-edge XANES spectra were recorded at room temperature at the ELETTRA synchrotron on the bending magnet beamline BEAR [5] . XANES Mg K-edge spectra of palygorskite and sepiolite are shown in Fig. 1 . The zero of energy has been set to the edge's inflexion point for both spectra.
Discussion
The spectrum of sepiolite presents a triplet structure in the white line (labeled A, B
and C in Fig 1) , corresponding to the Full Multiple Scattering zone. It also presents two oscillations (D and E) in the Intermediate Multiple Scattering zone. Palygorskite presents a XANES spectrum similar to sepiolite but with some differences. The most important one comes from the C peak in sepiolite, which is only a shoulder in palygorskite. Moreover, there is a clear shoulder, labeled A', which is present in palygorskite and absent in sepiolite. Other differences are perhaps hidden by the high noise of the spectrum.
Sepiolite's spectrum is very similar to the XANES spectra of many other minerals with Mg in octahedral coordination, as discussed later. However, the absence of a clear peak C in palygorskite is a significant feature that characterizes the XANES of this clay. We will discuss the reasons for this difference between the XANES spectra of sepiolite and palygorskite.
When comparing the recorded spectra with reference compounds reported in literature, we find that the XANES spectra of MgO (periclase) [6, 7] , or its equivalent near-edge structure in electron-energy loss spectrum [8] , is very different to those of sepiolite and palygorskite. The fact is that MgO has a cubic structure (NaCl structure), and although its first coordination shell has 6 oxygens (an octahedron), similar to palygorskite and sepiolite, the arrangement of successive coordination shells is different for MgO, therefore presenting completely different multiple scattering paths, producing significantly different features in the Full multiple scattering zone. This is compatible with the fact that ab-initio calculations of one octahedral shell of oxygen give a XANES [9, 10] consisting of a single sharp peak or white line (without a triplet structure as we see) and two oscillations that appear close to our D and E structures.
The next compound to analyze is Mg(OH) 2 (brucite), in which Mg 2+ is octahedrally coordinated by hydroxyl groups. These octahedra share adjacent edges to form sheets of layers. All Mg atoms in brucite are equivalent, in the sense that they have the same atomic environment. The XANES spectrum of brucite [4, 6, 7] is very similar to that of sepiolite, showing the triplet A, B and C plus the two oscillations D and E and a small peak D'. The most intense peak is B, then C and then A for brucite. We also find that B is the most intense peak for sepiolite, but then A and then C, therefore inverted with respect to brucite. The XANES spectrum for synthetic brucite [4] , has a shoulder on the edge, similar to the A' structure we find in palygorskite. In data from [6, 7] , this shoulder is not detected, as in our data, perhaps because these XANES spectra are recorded with lower resolution. Sepiolite and palygorskite have layers of octahedra similar to brucite, with the difference that in brucite the layer is continuous with hydroxyl groups at the vertex of the octahedra, whereas in fibrous clays, the layer is discontinuous, due to the fact that the tetrahedral sheets of Si that sit on top and bottom of the octahedral layer invert their tetrahedra every 8 octahedral positions in sepiolite (5 for palygorskite). Moreover, sepiolite and palygorskite may have O,
OH and H 2 O at the vertices of the octahedra. Therefore, the similarity of the XANES for brucite and sepiolite might be due to the existence of a large sheet of octahedra all containing Mg in the center (this sheet is continuous in brucite and has a significant large width (along the b axis of the unit cell) of 4 octahedra) (Fig. 2) . By contrast, the sheet of octahedra in palygorskite is narrower (2-3 filled octahedra) which are not occupied by Mg, but can also be vacant or contain Al Ab-initio calculations of XANES spectra based on Multiple Scattering theory [11, 12] , or band-structure calculations, as in [8] , help to explain unambiguously the origin of the different features found in the experimental spectra. These calculations need the definition of the cluster of atoms around a photoabsorber, and the exact position of each atom. This is a problem for the case of sepiolite and palygorskite, for which the crystallographic structure is only known for the "theoretical" formula. gives similar results, whereas the second Mg site (a distorted octahedron) produces more structured XANES for the same coordination radii. Mg K-edge of other pyroxenes [13] display similar results concerning the structures found in the spectra and the necessity of including many atoms in the cluster used for the XANES calculation (89 atoms in synthetic diopside) for reproducing the C structure of the experimental data. The fact that the medium order arrangement affects peak C is also evidenced experimentally by the XANES of diopside glass and diopside crystal reported in [14] . The XANES of diopside crystal is almost equivalent to our sepiolite spectrum, whereas for the glass, the peak C is converted into an appreciable shoulder, as we have found for palygorskite. Thus, in our case, it is reasonable to assign peak C in sepiolite to the existence of octahedral sheets of relatively large dimensions (must be larger than 6 Å [10] ). In fact, the width of the channel (or in other words, the width of the octahedral sheet) is 11 Å in sepiolite and only 5.7 Å in palygorskite. Moreover, in palygorskite the octahedra may be occupied also by Al or be vacant (dioctahedral), altering considerably the environment of an "average" Mg with respect to sepiolite (trioctahedral). The different intensities of the peaks might be related to the distortion of the octahedra, which is expected to be greater in the case of palygorskite than in sepiolite. We have not found any published XANES data on the Mg K-edge on dioctahedral layered silicates, which might help to address the question of how the presence of vacancies and the presence of Mg and Al in alternate positions may affect the XANES spectrum.
Summary and Perspectives
We presented, for the first time, the experimental Mg K-edge XANES for sepiolite and palygorskite. The features found in sepiolite are related to the existence of quite large octahedral sheets with Mg occupying the octahedra, as in brucite and other trioctahedral layered silicates. The XANES of palygorskite resembles that of sepiolite, but it has a shoulder where a peak was found for sepiolite (labeled C in Fig.   1 ). We relate this difference to the medium-range ordering (6 Å or more) around an average magnesium atom. In sepiolite, this medium-range ordering is more important than in palygorskite, because of the trioctahedral nature of sepiolite, and the larger width of the channels (11 Å for sepiolite and 5.7 Å for palygorskite). Ab-initio calculations and XANES measurement at the Si and Al edges, in addition to Mg, will help to improve our knowledge of the structure of these clays. It might also be very useful to compare these results with other reference compounds, in particular dioctahedral phyllosilicates. 
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